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PREFACE 


During  the  late  1 960s,  far-infrared  or  thermal  imaging  systems  were  successfully  used  as  Night 
Vision  Devices.  Their  unlimited  uses  provided  ready  application  as  troop-carried,  combat  vehicle- 
mounted  and  aircraft-mounted  systems.  Rapid  proliferation  of  such  systems  solved  critical  tactical 
needs,  but  also  posed  serious  financial  problems.  The  normal  development  acquisition  process  with 
each  application's  custom-developed,  maintained  system  was  lengthy  and  prohibitively  expensive. 
The  Army's  Center  for  Night  Vision  and  Electro-Optics  (CNVEO)  [formerly  the  Night  Vision 
Laboratory],  began  an  investigation  to  determine  if  the  Army’s  need  for  thermal  systems  could  be 
met  and  simultaneously  reduce  the  expected  costs  of  unique  systems  development.  A  working 
committee  was  formed  in  1971  to  analyze  the  problem  and  develop  the  design  concept  for  Common 
Modules  consisting  of  a  core  set  of  modules,  mixed  and  matched  to  a  wide  variety  of  objective 
optics,  eyepieces,  TV  cameras,  and  other  specialized  modules.  This  report  focuses  specifically  on 
the  detector  module  and  develops  the  Army's  present  and  projected  cost  benefits  resulting  from 
common  module  development  and  implementation.  The  detector  module  was  chose  because,  as  a 
major  cost  driver  among  the  modules,  its  wide  application  was  well  known. 
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SECTION  I.  BACKGROUND 


To  determine  if  the  Army’s  need  for  thermal  systems  could  be  met  with  a  limited  number  of 
common  applications,  and  thus  significantly  reduce  the  expected  costs  of  atand-alone  or  unique 
system  development,  CNVEO  formed  an  investigative  committee  in  1971.  The  committee 
determined  that  the  necessary  Thermal  Imaging  System  (TIS)  possess  the  following  characteristics: 

•  Lightweight 

•  Operate  in  military  environments 

•  Provide  differing  fields  of  view 

•  Take  full  advantage  of  the  existing  state-of-the-art  infrared  (IR)  systems 

•  Fully  tailorable  to  meet  the  peculiar  requirements  of  each  system  application. 

The  committee  proposed  a  solution  using  the  Multi-Purpose  Infrared  System  (MIRS)  which 
operated  in  the  8  to  14  micrometer  wavelength  band  of  the  far- infrared  and  was  then  the  lightest 
weight  system  available.  Modification  of  the  MIRS  would  fully  modularize  it,  and  change  and 
standardize  the  technique  by  which  the  central  IR  sensor  element  is  scanned  in  order  to  form  the 
imagery.  The  common  module  concept  would  develop  a  core  set  of  common  modules  which  could 
be  mixed  and  matched  and  married  to  a  wide  variety  of  objective  optics  modules,  eyepieces,  TV 
cameras,  and  other  specialized  modules. 

The  basic  modules  were  the  scanner,  detector/dewar,  IR  imager,  visual  collimator,  cryogenic  cooler, 
preamplifier,  postamplifier,  auxiliary  electronics,  bias  regulator,  scan/interlace  electronics,  and  light 
emitting  diode  (LED)  array.  Also  included  was  a  set  of  alternate  modules  which  were  smaller 
versions  of  the  imager,  collimator,  and  detector/dewar  to  create  systems  meeting  the  unique 
configuration  and  performance  requirements  of  each  application. 

This  report  focuses  on  the  detector  modules  shown  in  Figure  1,  and  develops  cost  benefits  accrued 
to  date  and  expected  to  accrue  in  the  Army's  future  as  a  result  of  common  module  development  and 
implementation.  The  detector  module  was  chosen  because  it  is  historically  a  major  cost  driver 
among  the  modules;  it  has  a  reasonably  visible — although  complex — history;  and  has  known  wide 
application. 
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Figure  1.  Detector  Modules 
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The  detector,  using  Mercury  Cadmium  Telluride  (HgCdTe  or  HCT)  as  the  core  sensor  material,  was 
characterized  by  a  very  difficult  manufacturing  process  involving  solid-state  crystal  growth  through 
a  zone  refining  process  last  many  months.  Yields  were  understandably  low  and  costs 
understandably  high.  HCT  was  chosen  as  the  sensor  material  on  the  strength  of  its  intrinsic 
performance  properties,  but  it  remained  a  most  difficult  material  to  effectively  produce.  The 
necessity  to  operate  in  the  77  to  80°K  range  produced  its  own  set  of  problems  in  interfacing  with 
various  cryogenic  refrigeration  devices. 

However,  the  technical  problems  were  identified,  analyzed,  and  resolved.  Today,  common  module 
detectors  are  produced  in  three  basic  formats:  60  elements,  120  elements,  and  180  elements.  Two 
minor  variations  on  the  60-  and  120-element  detectors  exist  and  are  manufactured  by  the  five 
companies  shown  in  Table  1.  They  are  used  in  eleven  Army  systems,  eight  Navy  systems,  and  at 
least  one  Air  Force  system  as  indicated  in  Table  2.  Implementation  in  five  additional  Army  systems 
is  planned.  (Note:  Only  the  Army  applications  are  considered  in  this  report.)  As  of  the  end  of 
1985,  approximately  28,000  detectors  were  manufactured  or  under  contract  solely  for  Army 
applications.  An  additional  51,000  units  are  expected  to  be  delivered  to  Army  units  by  1992.  If 
Navy  and  Air  Force  detector  units  were  included,  the  total  would  increase  by  about  10,000  units. 


Table  1.  Common  Module  Detector  Producers 
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Table  2.  Systems  Using  Common  Module  Detectors 
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AN/TAS-4,  4A,  4B  (TOW) 


ARMY 


AN/TAS-5  (DRAGON) 


ARMY 


AN/TAS-6,  -6A  (NOOLR) 


ARMY 


C-NIGHT  (COBRA) 


BSA  (BFVS) 


ARMY 


ARMY 


AN/VSG-2  (TTS,  M-60) 


ARMY 


TIS  (M-1) 


ARMY 


TAOS  (AAH) 


ARMY 


PNVS  (AAH) 


ARMY 


CHAPPAREL 


ARMY 


AHIP  (ASH) 


ARMY 


OR-89  (S-3) 


NAVY 


AN/AAR-42  (A-7) 


NAVY 


AN/AAS-36  (P-3) 


NAVY 


AN/AAS-37  (OV-IO) 


NAVY 


AN/AAS-38  (A-1B) 


NAVY 


AN/AAS-33  (A-6) 


NAVY 


AN/KAS-1  (CWDD) 


NAVY 


SEA  FIRE 


NAVY 


AN/AAQ-9 


AIR  FORCE 


ONLY  ARMY  APPLICATIONS  WILL  BE 
CONSIDERED  IN  THIS  ANALYSIS 
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SECTION  II.  APPROACH 


The  analysis  in  this  report  was  developed  from  the  49  contracts  described  in  Table  3.  Nonrecurring 
costs  for  this  report  are  defined  as  including  research  and  development  (R&D)  costs  (as  exhibited  by 
various  development- type  contracts);  manufacturing,  materials,  and  technology  (MM&T)  contract 
costs;  and  facilitization  contract  costs.  Some  costs  are  missing  because  they  are  lost  in  system 
development  contracts  for  which  no  breakout  by  module  appears  to  exist.  Recurring  costs  are 
developed  from  production  procurements  when  available,  but  rely  primarily  on  spares  procurements 
and  qualification  contracts.  Beyond  this,  a  fairly  simple,  predominately  graphic  approach  was 
taken.  All  cost  data  was  normalized  to  FY86  constant  base  year  dollars  using  DOD  deflator 
guidelines  provided  by  Office  of  the  Director  of  the  Army  Budget,  Office  of  the  Comptroller  of  the 
Army.  System  schedules  (Table  4)  have  been  provided  by  the  US  Army  Communications- 
Electronics  Command  (CECOM),  the  various  Project  Management  Offices,  and  other  cognizant 
program  and  planning  offices.  Although  operations  and  support  maintenance  costs  have  not  been 
considered  in  the  detector  analysis  at  this  time,  they  are  briefly  considered  with  regard  to  the 
common  modules  collectively. 


Table  3.  Basic  Data  Sources  Detector  History 
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SECTION  m.  ANALYSIS  OF 
CURRENT  COMMON  MODULE  BASELINE 

The  unit  cost  data  shown  in  Table  5  was  used  to  develop  the  unit  cost  curve  of  Figure  2.  This  was 
done  by  normalizing  all  costs  to  FY86  constant  dollars,  then  taking  the  weighted  average  cost  of  the 
units  procured  (Table  4)  for  each  year,  and  finally,  weighing  the  data  using  the  values  in  the 
Cumulative  Quantity  Built  columns.  The  "qualifications"  units  were  essentially  treated  as  "first  unit 
costs,"  as  they  represented  a  first  effort  by  the  manufacturer.  These  values  were  applied  in  1975  for 
comparison  purposes. 

The  cumulative  investment  curve  of  Figure  2  was  developed  by  simply  accumulating  the  costs  for 
R&D,  MM&T,  and  facilitation  contracts.  The  steep  slopes  exhibited  in  the  1976  and  1980-1982 
data  represent  major  infusions  of  MM&T  and  facilitization  money  into  the  industry.  The  complete 
curves  in  Figure  2  form  a  basic  set  from  which  the  remaining  analysis  was  developed. 

Figure  3  represents  the  cumulative  recurring  costs  as  estimated  for  the  79,385  detector  units  shown 
in  the  total  column  of  Table  4.  This  curve  was  computed  using  the  unit  cost  curve  of  Figure  2  such 
that: _ _ _ 

16 

X  UiQi  =  Cumulative  Recurring  Cost: 
i  =  1 

where  it  is  indexed  over  the  years  1977-1992,  and  Qj  is  the  actual  quantity  procured  in  the  year  i. 
Practically,  Qj  is  the  cumulative  quantity  in  the  year  i  minus  the  cumulative  q  lantity  in  the  year  i- 1. 

The  combination  of  the  nonrecurring  investment  curve  of  Figure  2  with  the  recurring  cost  curve  of 
Figure  3  results  in  the  total  program  cost  for  common  module  detectors  as  shown  by  the  common 
module  curve  of  Figure  4.  The  calculated  data  was  smoothed  by  application  of  a  three-point  rolling 
average  in  order  to  clarify  the  trend  exhibited  by  the  data.  This  curve  was  the  baseline  cost  for  the 
analysis. 


Table  5.  Detector  Unit  Cost  Data 
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re  2.  Cumulative  Nonrecurring  Investment  Cost,  Unit  Cost  (Historical) 


CUMULA 


FY  86  CONSTANT 


CUMULATIVE  QUANTITY  (THOUSANDS  OF  UNITS) 


FISCAL  YEAR 


Figure  4.  Stand-Alone  vs.  Common  Module  Detector  Cumulative  Program  Cost 


SECTION  IV.  THE  NON-COMMON  ALTERNATIVE 


It  is  virtually  impossible  to  know  what  would  have  happened  had  the  Army  never  had  a  Common 
Module  Detector  Program.  We  cannot  know  if  our  answer  is  "right"  or  "wrong";  however,  we  can 
make  some  hypotheses  and  then  consider  the  consequences.  We  might  assume,  for  instance,  that  all 
technology  problems  associated  with  HCT  would  have  remained,  and  their  solutions  would  have 
been  achieved  only  with  an  effort  equivalent  to  that  applied  in  the  Common  Module  Detector 
Program. 

The  Common  Module  Detector  Program  provided  a  central  focus  across  an  industry,  with  a 
consequent  synergism  not  evident  in  "go-it-alone"  programs.  With  the  Army's  Project  Management 
System,  which  tends  to  make  program  managers  look  inward  to  their  own  programs,  it  is  not  clear 
that  solutions  across  the  industry  would  be  as  readily  shared  or  achieved.  The  large  production  base 
promoted  by  common  modules  might  also  be  lacking.  Therefore,  it  is  not  unreasonable  to  assume 
that  each  system  covered  in  this  analysis  might  have  been  developed  as  a  stand-alone  system.  The 
analysis  proceeds  on  this  basis  without  regard  to  any  affordability  issues. 

For  the  remaining  analysis,  the  cumulative  recurring  cost  for  each  system  application  (for  example, 
AN/TAS-4,  AHIP,  CITVj  can  be  scaled  from  Figure  3.  This  is  illustrated  using  Figure  5  and  the  M- 
60  Thermal  Tank  Sight  (TTS),  for  an  example.  As  a  stand-alone  system,  a  cumulative  quantity  of 
15,700  is  required  (Table  4).  The  curve  as  shown  in  Figure  5  is  bounded  at  15,700.  The  ending  year 
is  set  equivalent  to  15,700  as  1991,  and  the  beginning  year  as  1976.  The  nonrecurring  cost  is  scaled 
simply  by  using  a  relative  rate  factor.  From  Table  4,  the  rate  row  gives  the  average  annual 
production  rate  for  each  system.  For  TTS,  the  rate  is  983  units  per  year.  The  total  rate  is  8,200  per 
year,  but  assuming  four  equal  producers,  none  will  produce  more  than  an  annual  average  of  2,050. 
Next,  using  the  total  nonrecurring  cost  for  the  Common  Module  Program  and  adjusting  for 
production  rates,  we  calculated  the  following  for  TTS: 

60.5  X  983  -  $29  million  in  nonrecurring  (NR)  cost 

2,050 

The  total  recurring  (R)  cost  (Figure  5)  is  $215  million;  therefore, 

R  =  $  215M 

EBje _ 22M 

Total  =  $244M 

The  NR  is  spread  in  direct  proportion  to  the  Common  Module  Detector  Program  in  accordance  with 
the  relation: 


NR  (NC)TOT  X  NR  (C)i 

NR(NC)i  ■  NR  (C)to7  • 


This  whole  process  is  repeated  and  summed  by  year  for  each  stand-alone  system,  resulting  in  the 
stand-alone  curve  of  Figure  4.  The  non-recurring  cost  spread  result  is  shown  in  Table  6. 

This  process  results  in  an  estimated  savings  to  the  Army  of  $280  million  by  the  end  of  1985  in  the 
detector  program  alone,  and  a  projected  savings  or  cost  avoidance  of  $902  million  by  1992. 

On  the  premise  that  complete  stand-alone  development  represents  a  worst-case  scenario,  it  was 
alternatively  assumed  that  with  a  limited  number  of  producers  in  the  field,  internal  commonality 
peculiar  to  each  might  develop  as  a  normal  process  in  the  prudent  conduct  of  business.  In  this  case, 
the  analysis  is  repeated  as  in  the  stand-alone  case,  except  commonality  is  assumed  for  certain  groups 
of  systems. 

This  approach  is  admittedly  based  on  who  is  building  which  systems  now.  Thus,  the  following 
systems  were  grouped  and  schedules  combined  for  commonality: 

Group  1.  AN/TAS-4,  AN/TAS-5,  AN/TAS-6 

Group  2.  M-l  TIS,  CITV,  COBRA  CNITE 

Group  3.  BFVS,  FISTV,  DTV 

The  remaining  systems — TTS  (M-60),  CHAPPAREL,  and  TAD/PNVS — were  assumed  to  remain 
stand-alone.  This  analysis  produces  the  partial  common  curve  of  Figure  4.  Compared  to  this  case, 
the  Common  Module  Detector  Program  would  still  indicate  a  savings  of  $220  million  by  the  end  of 
1985,  and  $535  million  by  1992.  These  results  are  shown  in  Figure  6  and  summarized  in  Table  7. 


CUMULATIVE  QUANTITY  (THOUSANDS  OF  UNITS) 


Figure  6.  Cumulative  Program  Savings  Estimate 
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Table  7.  Results  Data  Summary 


FY  86  CONSTANT  DOLLARS 
[DETECTOR  PROGRAM] 


CASE 

NONREC. 
INVESTMENT 
($  MILLIONS) 

AVG.  PROG. 
UNIT 
COST 
($  THOUS) 

COMMON 

MOD 

60.5 

8.5 

PARTIAL 

COMMON 

MOD 

133.5 

15.2 

STAND¬ 

ALONE 

230.9 

19.9 

RECUR. 

COST 


1992 

5TIMATE 

TOTAL 


COST 


TOTAL  OR 

COST  SAVINGS 

($  MILLIONS)  ($  MILLIONS) 


+  535 


+  902 
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SECTION  V.  CONCLUSIONS 


By  1985,  the  Common  Module  Detector  Program  produced  an  estimated  cost  savings  of  $220  to 
$280  million.  While  a  detailed  analysis  requires  completion,  one  might  suggest  that  as  of  1985,  the 
total  Common  Module  Detector  Program  has  shown  a  recurring  and  nonrecurring  investment  of 
approximately  $757  million  in  FY86  constant  dollars.  Of  this  amount,  the  detector  is  355.7  =  0.47 
or  47%.  757.0 

If,  in  considering  the  balance  of  the  Common  Module  Detector  Program,  the  remaining  17  modules 
should  conservatively  produce  only  25%  to  50%  of  the  savings  estimated  for  the  detectors  alone, 
this  total  savings  at  the  end  of  1985  would  aggregate  between  $275  million  and  $420  million  and,  by 
1992,  it  would  be  between  $669  million  and  $1,353  million. 

From  an  affordability  viewpoint,  the  detector  results  simply  mean  that,  because  of  the  Common 
Module  Detector  Program,  the  Army  has  been  able  to  buy  at  least  10,000  more  detectors  through 
1985  than  the  same  budget  would  have  afforded  without  a  comprehensive  program.  Similarly,  by 
1992,  the  Army  will  have  bought  and  deployed  at  least  46,000  more  units  than  otherwise  could  have 
been  afforded  (Table  8).  Similar  results  of  affordability  may  be  attributed  to  the  Common  Module 
Program  as  a  whole. 

The  legacy  of  Common  Modules  continues  refining  existing  modules  by  reducing  weight  and  cost, 
and  improving  life  and  performance.  A  typical  example  of  this  expectation  is  the  Integrated 
Detector/Dewar  Cooler  Assembly  (IDCA)  which  promises  exceptional  life  cycle  cost  savings. 


Table  8.  Conclusions 


a 


TOTAL  COMMON  MODULE  PROGRAM 

ESTIMATED  SAVINGS  FY  86  CONST  $  (MILLIONS) 

PESSIMISTIC 

OPTIMISTIC 

ADDITIONAL 

DETECTORS 

AFFORDED 

CUMULATIVE 
SAVINGS  THROUGH 
1985 

275 

420 

10,000  + 

CUMULATIVE 
SAVINGS  THROUGH 
1992 

669 

1353 

46,000  + 
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